mal respiration takes place with the formation of very minute amounts of lactic acid. The normal tissues studied in the presence of oxygen respire in the usual manner but are inert in the absence of oxygen. The retina proved to be an exception and the metabolism was of the same nature as that of malignant tumor tissue.
These most important observations seemed to offer the first quantitative method of differentiation between malignant, benign, and normal tissues. It was our intention in taking up this investigation to determine the relationship between growth rate of tumors and their degree of glycolytic activity.
The methods employed were those used by Warburg, the details of which may be found in his publications3
Method.--Three very thin free-hand sections were made from the tissue to be studied. One was placed in a Warburg type of cell with 8 cc. of Ringer's solution containing 0.01 tools glucose, 0.025 mols of bicarbonate per liter adjusted to pH 7.6 by bubbling a mixture of carbon dioxide, 5 per cent, and oxygen, 95 per cent, through the solution. A second piece of tissue was placed in a cell containing 3 cc. of the same solution and the third piece in a cell containing 3 cc. of the same solution plus 0.04 cc. of a 0.7 per cent soIution of potassium cyanide. A fourth cell containing 5 cc. of the same Ringer's solution, without tissue, was used as a control for changes in temperature and barometric pressure. The cells were attached to Barcroft manometers and after th~ residual air had been swept out of the manometer and cells by the carbon dioxide-oxygen gas mixture they were sealed. The manometers were placed on a mechanical shaker with the chambers immersed in a constant temperature bath at 37.5 4-0.01°C., and shaken. The manometers were left for 15 minutes in the water bath to allow for equilibrium and were then read every 15 minutes. After the experiment was completed the tissues were removed, rinsed in distilled water, placed in weighing bottles, and dried for 2 hours, in an oven at 100°C. The tissues were then weighed on a micro balance accurate to 0.01 mg.
2 We wish to express our deep appreciation to Dr. Warburg for his generosity in demonstrating the methods and his aid in securing the necessary apparatus for the experiments. 
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------total aerobic CO2 produced per hour by 1 rag. The tissues studied include the liver, the Flexner-Jobling carcinoma, spleen, embryonic skin and placenta from the rat, spontaneous tumors of mice, and two transplantable sarcomas of the chicken.
Liver.--In general the results with this tissue correspond closely with the figures published by Warburg. There was little variation between the individual livers studied as indicated in Text- fig. 1 and Table I .
Flexner-Jobling Rat Cardnoma.--With this tissue the ratios were likewise fairly constant and corresponded with the published results. These figures may be taken as the standard malignant tumor type of metabolism according to Warburg's classification. (Text- fig. 1 and Table I.) Spleen.--The spleen gave values slightly different from the liver as may be seen in Table I , but, with one exception, there was little variation between individual spleens. Spleens depleted of the major portion of the lymphoid tissue or stimulated by means of dry heat, 3 showed no measurable difference in their metabolism and the rate was Qo, approximately the same as that of the normal spleen. The one exception was a specimen from a mouse with an old encapsulated abscess in the lower abdominal cavity. This spleen was large and firm, composed almost entirely of enormous germinal centers with only a slight amount of pulp. The type of metabolism was similar to that of a benign tumor. (Text- fig. 1 and Table I.) PIacenta.--The rat placentas investigated were for the most part removed during the last few days of gestation, A few, however, were studied at about mid-term. As there was no difference observed, these are all grouped together in the charts. The type of metabolism was similar to that of frank malignant tissue. (Text- fig. 1 and Table I ). Chicken Tumor.--Chicken Tumor 1, a rapidly growing sarcoma which will cause the death of the inoculated fowl in 3 to 4 weeks, was of spontaneous origin and has been transplanted through many generations? This tumor has the unique quality of being transmissible through the agency of a filterable substance separable from the ceils. It is probably the most malignant of the transplantable tumors. The metabolism was similar to that of the Flexner-Jobling rat carcinoma. (Text- fig. 2 and Table II .) Chicken Tumor 9, also a transplantable spindle cell sarcoma, but not transmissible by cell-free filtrates, had its origin in a tumor induced by repeated injections of coal tar in the pectoral muscle of a hen. 5 At the time of this investigation Chicken Tumor 9 was failing to grow Very rapid progression.
For meaning of symbols see Table I . The tumor used was a rapidly growing chicken sarcoma.
in the majority of fowls inoculated. With rare exceptions it grew with great slowness requiring 4 months or longer to cause the death of the animal. In many instances the tumor, after a period of growth, would retrogress rapidly to complete absorption. Preceding and during this period the sarcoma cells were largely replaced by a small round cell infiltration and an ingrowth of connective tissue. The anaerobic glycolysis of the tumor was high but the aerobic glycolysisrespiration ratio varied from 0.8, which corresponds to the benign tumor ratio of Warburg, to 4.0 which is the ratio of typical malignant tissue. Moreover, some of this tissue taken from rapidly retrogres- has an average malignancy tremendously greater than the most malignant of the chicken tumors,No. 9, during this period of investigation, the average of ratios was not far apart. Even some of the retrogressing No. 9's gave a ratio higher than the average for Chicken Tumor 1. It should be noted in this connection that the latter tumor contains large qtta~tities of mucoid material which means that it has considerably fewer cells per unit of tissue than the progressive Chicken Tumor 9. (Text- fig. 2 , Table III .)
Spontaneous Mouse Tumors.--This group of neoplasms has been
derived from a special stock of mice which for generations has given a high tumor instance. Two of the tumors proved to be sarcomas but all of the others were either adenocarcinomas or alveolar carcinomas or a mixture of these two types. The diagnosis has been recorded in Table IV according to the dominating type. In a few instances the metabolism rate was studied without determining the rate of growth of the tumor but as a rule accurate measurements were made on the size of these growths for at least a month before the tumors were removed for study. In some animals the tumors were removed at operation for metabolism study and then a small bit was replaced in the original animal and later a second test was made on the new tumor resulting from this graft, or on the local recurrence at the site of the operation. The anaerobic glycolysis of these tumors was always high, but the aerobic glycolysis-respiration ratio varied from 0, corresponding to the metabolism of embryonic tissue, to 2.2 which is within the ratios given by the Flexner-Jobling rat tumor. The majority of these tumors, however, would fall in the group of benign tumors classified on their metabolism according to Warburg's types. Only two gave a ratio as high as the lower ratios for the Flexner-Jobling tumor and these were both sarcomas. (Text- fig. 3 and Table IV .)
The aerobic glycolysis-respiration ratio seemed to bear no relationship to the growth rate. There are more of the rapidly growing tumors with a high ratio than with a low one, but one of the slowest growing tumors gave one of the highest ratios, while several rapidly growing tumors gave very low ratios. In not a single instance was there sut~cient stroma or reaction to account for the type of metabolism.
From a biological point of view these tumors unquestionably belong to the group of frankly malignant neoplasms. They grow more or less rapidly, almost invariably resulting in the death of the animal. Spontaneous healing is extremely rare. They invade surrounding tissues, metastasize to the internal organs, recur frequently after careful surgical removal, and autografts almost invariably grow. Recent investigation has shown that a majority, if not all, of such tumors are transplantable if the genetic make-up of the new host is similar to that of the tumor. In other words the spontaneous mouse tumors are capable of continuous growth and in all other respects answer the requirements necessary to group them without question among the malignant neoplasms.
Miscellaneous Tissues.--Skin from rat embryos in the latter stages of gestation, embryonic membranes, and the wall of a pregnant uterus were all found to give the same type of metabolism as the chick embryos. DISCUSSION. Briefly put, Warburg divides tissues into four types on the basis of his metabolism studies, namely normal resting tissue with a slight anaerobic glycolysis and a high respiratory rate; embryonic tissue with a high respiratory rate and a high anaerobic but a low aerobic glycolysis; malignant tumor tissue with a low respiration and a high aerobic and anaerobic glycolysis; benign tumor tissue with the same type of metabolism as the malignant tissue but less active glycolytic function.
In our experiments, working with the same types of tissues as those used by Warburg, the results were essentially the same as his and the differences between the groups were quite clear-cut. However, when the observation was extended to other tissues the groups became less definite. For example, rat spleen, embryonic skin, and the wall of a pregnant uterus had the typical embryonic type of metabolism. Rat placenta grouped according to this scheme fell well within the malignant tumor group. The transplantable Chicken Tumor 1 grouped itself with the transplantable rat carcinoma but Chicken Tumor 9 showed considerable.variation. The latter tumor grouped on the basis of the aerobic glycolysis-respiration ratio, in the majority of instances, had about the same range as Chicken Tumor 1 but a rapidly retrogressing tumor composed almost entirely of reactive tissue was frequently as active as the progressive tumors made up entirely of intact tumor cells.
The results with the spontaneous tumors of mice were even more varied. Grouped on the basis of their type of metabolism some of them behaved as embryonic tissue but the majority fell in the group of benign tumors and only a very small number could be classed as malignant. Histologically all of these tumors are typically malignant. Classified on the basis of their biological behavior they are in all essentials similar to the malignant disease as it occurs in man.
The glycolytic activity seems to bear no relationship to growth rate. The very slow growing or retrogressing chicken tumor frequently gave as high a ratio as the rapidly growing tumor. The rapidly progressing spontaneous mouse tumors often gave a low ratio while the slower ones in some instances gave a relatively high ratio.
From these results it would seem that a classification of tissues on the basis of the type of metabolism does not correspond to the biological groupings (Text-fig. 3 ). These findings in no way detract from the fundamental importance Of Warburg's studies for he has opened up a new field of tumor research which promises great possibilities for future investigation.
